Gate-dependent spin-orbit coupling in multielectron carbon nanotubes by Jespersen, Thomas Sand et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
Gate-dependent spin-orbit coupling in multielectron carbon nanotubes
Jespersen, Thomas Sand; Grove-Rasmussen, Kasper; Paaske, Jens; Muraki, K.; Fujisawa,








Early version, also known as pre-print
Citation for published version (APA):
Jespersen, T. S., Grove-Rasmussen, K., Paaske, J., Muraki, K., Fujisawa, T., Nygård, J., & Flensberg, K.
(2011). Gate-dependent spin-orbit coupling in multielectron carbon nanotubes. Nature Physics, 7(4), 348-353.
https://doi.org/10.1038/NPHYS1880
Download date: 02. Feb. 2020
Gate-dependent orbital magnetic moment in
carbon nanotubes
Supporting online material
T. S. Jespersen 1y, K. Grove-Rasmussen1;2y, K. Flensberg1, J. Paaske1,
K. Muraki2, T. Fujisawa3, and J. Nygard1.
1Niels Bohr Institute & Nano-Science Center, University of Copenhagen,
Universitetsparken 5, DK-2100 Copenhagen, Denmark
2 NTT Basic Research Laboratories, NTT Corporation,
3-1 Morinosato-Wakamiya, Atsugi 243-0198, Japan
3 Research Center for Low Temperature Physics, Tokyo Institute of Technology,
Ookayama, Meguro, Tokyo 152-8551, Japan
y Equal contribution
Estimating the band gap
The nanotube sample studied in the article is particularly regular in the
many-electron regime (see data in article), while less so close to the band gap.
The strong/weak coupling for shells in the valence/conduction band [1] indicates
that the nanotube is a small band gap semiconducting nanotube [2]. Figure S1
shows the stability diagram in the region of the largest Coulomb peak spacings
and the lowest currents. The very large diamond at Vg  0:8V is interpreted as
a result of the band-gap energy adding to the addition energy  50   60meV.
To estimate the band-gap we subtract the average charging energy and level
spacings for the rst hole and rst electron[3] i.e., the average height of the
neighboring diamonds ( 25meV) yielding Eg  30meV. The band gap pa-
rameter appearing in the article[1] is dened as g = Eg=2  15meV, i.e.
consistent with the value from the t of gorb(Vg) to Eq. 3 (Fig. 4 of the main
manuscript).
Additional data
To supplement the excited state spectroscopy measurements of gorb discussed
in the article, the device was cooled again to 4:2K and following the method
of Ref. [4], gorb values were extracted from the evolution of zero-bias Coulomb




















Figure S1: Stability diagram in the Vg-region of the band gap. A low current
signal is observed at the position of the arrow leading to the diamond structure
indicated by the lines.
S2 for two dierent Vg-regions; close to the gap (top) and for many electrons
(bottom). The gate axis has been converted into energy by the -factor which
is measured from the corresponding stability diagrams as the ratio of Coulomb
diamond heights (bias) to widths (gate). The orbital g-factor is extracted from
the Bk-dependence of the peak positions in Fig. S2 and displayed in Fig. 4 of the
main manuscript (square data points). As discussed above, the regular 4-fold
periodicity is absent in the vicinity of the gap impeding direct comparison to
the 4-fold model. Instead gorb was measured for all charge-states in the gate
region indicated by the horizontal error bars in Fig. 4 of the main manuscript
and the spread in resulting gorb-values is indicated by the vertical error bars.
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Figure S2: The evolution of Coulomb peaks in a parallel magnetic eld for
two dierent gate regions. Close to the gap (top) and in the many electron
regime (bottom). The gate axis has been converted to energy by the -factor
which is extracted from the corresponding stability diagrams (see text). The
Bk-dependence of the peak positions yields gorb.
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